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Background Of The Invention 

This invention relates generally to oil and gas exploration, and in particular to forming 
and repairing wellbore casings to facilitate oil and gas exploration. 

During oil exploration, a wellbore typically traverses a number of zones within a 
subterranean formation. Wellbore casings are then formed in the wellbore by radially 
expanding and plastically deforming tubular members that are coupled to one another 
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by threaded connections. Existing methods for radiaily expanding and plastically 
deforming tubuiar members coupied to one another by threaded connections are not 
always re.iable or produce satisfactory results, in particular, the threaded connections 
can be damaged during the radial expansion process. 

The present invention is directed to overcoming one or more of the limitations of the 
ex,st,ng processes for radially expanding and plastically deforming tubular members 
coupled to one another by threaded connections. 

Summary of the Invention 
According to one aspect of the present invention, an apparatus for radially expanding 
and plastically deforming an expandable tubular member is provided that inciudes an 
upper tubular support member defining a first passage, one or more cup seals coupled 
to the exterior surface of the upper tubular support member for sealing an interface 
between the upper tubular support member and the expandable tubular member an 
upper cam assembly coupled to the upper tubular support member comprising- a 
tubular base coupted to the upper tubular support member, and a plurality of cam arms 
extending from the tubular base in a downward longitudinal direction, each cam arm 
defimng an inclined surface, a plurality of upper expansion cone segments interleaved 
with the cam arms of the upper cam assembly and pivotally coupled to the tubular 
support member, a lower tubular support member defining a second passage fluldicly 
coupled to the first passage releasably coupled to the upper tubular support member 
and a lower cam assembly coupled to the lower tubular support member comprising- a 
tubular base coupled to the lower tubular support member, and a plurality of cam arms 
extending from the tubular base in an upward longitudinal direction, each cam arm 
definmg an inclined surface that mates with the inclined surface of a corresponding one 
of the upper expansion cone segments, wherein the cams arms of the upper cam 
assembly are interleaved with and overlap the cam arms of the lower cam assembly a 
plurality of lower expansion cone segments interleaved with cam arms of the lower cam 
assembly, each lower expansion cone segment pivotally coupled to the lower tubular 
support member and mating with the inclined surface of a corresponding one of the 
cam arms of the upper cam assembly, wherein the lower expansion cone segments 
.nterieave and overlap the upper expansion cone segments, and wherein the upper 
and lower expansion cone segments together define an arcuate spherical externa. 
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g ,o another asped of one present invention, a collapsible expansion oone 
*na, flange, an upper cam assembly coupled to the uppar tubular support member 

r:r:: 7 ar , base ^ ,o ,he upper — — • 

I I I 9 *" ' UbU,ar 6356 3 d ~ direction, each 

Id a 7 " ' ndined SUrfaM ' 3 expansion oone segments 

*m* flange of me upper tubutar support member, a lower tubular support member 
-mpnsrng an rntema, flange, one or more frangibte oouplings for reJZy JZ 
*e upper and iower tubular support membe., a lower cam assemb, cou*eT o 

zrm u i suppo ? embar ~ s: a ,ubu,ar ^ «~ <° » ^ zz 

upport member, and a plurality „, ram ame e hm 
upwar long udina, direcflon. each cam am, deflning an Mined surtace Z ZZ 
w* the ,n*ed surface o, a cortespondin* one of the upper expansion^ 

ovedap the oam arms of the lower cam assembly, and a plurality of iower expansion 
cone segments intedeaved with cam arms „, the lower cam a!sem Wy eTZ 
expansion cone segment pivotaiiy coupled to the Interna, flange of the tow eMu! 

ZZZZ and TO,ln9 nd,nM surfare - a — — 

«n arms of the upper cam assembly. wherein the lower expansion cone segments 
nfcdeave and ovedap the upper expansion cone segment, and wherein ZZ 
and tower expanse cone segments together deflne an arcaate sphedc, leTa 
Plasty defomting and redely expanding the expandable ZZ 

According to another aapeo. of ma present invention, an apparatus for radially 
expaadmg and piasfcallv deforming an expandabie tubular mem er is ZZZ 
mctudes a tubular support member, a collapeible expansion cone coupled o the ZZ 
support member, an expandable tubular memb, coupled to me ooilapsibie expt n 
one. means for dispiacing me coliapsibie expansion cone reiaflve to the ZZZ 
.ubalar member, and means for collapsing the expansion cone. 
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According to another aspect of the present invention, a collapsible expansion cone is 
provided that includes an upper cam assembly comprising: a tubular base, and a 
plurality of cam arms extending from the tubular base in a downward longitudinal 
direction, each cam arm defining an inclined surface, a plurality of upper expansion 
cone segments interleaved with the cam arms of the upper cam assembly, a lower cam 
assembly comprising: a tubular base, and a plurality of cam arms extending from the 
tubular base in an upward longitudinal direction, each cam arm defining an inclined 
surface that mates with the inclined surface of a corresponding one of the upper 
expansion cone segments, wherein the cams arms of the upper cam assembly are 
interleaved with and overlap the cam arms of the lower cam assembly, a plurality of 
lower expansion cone segments interleaved with cam arms of the lower cam assembly, 
each lower expansion cone segment mating with the inclined surface of a 
corresponding one of the cam arms of the upper cam assembly, means for moving the 
upper cam assembly away from the lower expansion cone segments, and means for 
moving the lower cam assembly away from the upper expansion cone segments. 

According to another aspect of the invention, an apparatus for radially expanding and 
plastically deforming an expandable tubular member is provided that includes a tubular 
support member, a collapsible expansion cone coupled to the tubular support member, 
an expandable tubular member coupled to the collapsible expansion cone, means for 
displacing the collapsible expansion cone relative to the expandable tubular member, 
and means for collapsing the expansion cone. 

According to another aspect of the invention, a collapsible expansion cone is provided 
that includes an upper cam assembly comprising: a tubular base, and a plurality of cam 
arms extending from the tubular base in a downward longitudinal direction, each cam 
arm defining an inclined surface, a plurality of upper expansion cone segments 
interleaved with the cam arms of the upper cam assembly, a lower cam assembly 
comprising: a tubular base, and a plurality of cam arms extending from the tubular base 
in an upward longitudinal direction, each cam arm defining an inclined surface that 
mates with the inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly, a plurality of lower expansion cone 
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segments interleaved with ram 3 rm, * *u , 

•o-r expansion cone J^TnTT ^ ^ "» 

S :::: r::z:zr a memM - ^ - 

10 co„a psible expanse cone , 2 L ,T US ' n9 " S<Wrt TOmber ™ * 

sensing the U^ 1 ' * - «* support m en»er, 

Portion of ,ne ,ub ar CI ? ""^ "* TOtertal <** • «*< ***r 

-ve.o.e.peni: rr: r :r; 9 ,he °— * — - 

injeced fluidic materia, exceeds a oredT 0P "* B PreSSUre * «» 

« fubular support meXT" ^ ^ por,i °" * 

ma^a^in a seoo't 1" """" * "» «* 

«dic matena, exceeds a 21 ° Pera "" 9 pressure ° f »» Nacted 

."»u,ar support P ^ ' ha ««- «- P°*n of the 
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forming a TT" * "** ~» - 

preexist stntttJre . "* ' ndUdeS 3 «*P— . oone within . 

> a Renter, o ro ss-seCona, iiiusttation of another portion of „ apparatus 

30 ZlT^Z^T" ~" a ' * * of ,e 

corona, ^ „ . ^ rf ^ ^ ^ 
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% 3a ,s a hp*, ooss^ona, l»us^„ „ f . ^ of lhe appa[a , us Qf Rg 
• * 3b is a fragTOn ^ cross , ec||ona| ^ of a ^ ^ ^ a ^ rate ^ 



Rg. 4 is a fragment cross . sectiona , Qf a 

Ta and 1b. 



apparatus of Figs. 
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F>9. 4a te a fragman.a.y cros , sect . ona , i|tetrata of a poftton of ^ a ^ ra|us Qf ^ 

15 ,?a„?, b a ,raSTOn,arV C, ° SS " SeC60na ' i " US ' rati0n " 3 P °**°" - - «~~ of ^s. 

«HM i„us tratol „, a portion „ f the appals of Figs. 

cam assembly of the apparatus of Figs. 1a and 1b. 

~:;^; a r ~ ai iiius,ra,ion ° f ,he - — * - - 
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Figs 8a*, are fragment anc , ^ 

Werconessgmemsoftheappara.usofFkps. 1aand 1b. 

Fig. 9 is a side view of a portion of the apparatus of Figs. 1a and 1b. 
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F.98. 1. and , b dunng the radial expan5ion „ ^ ^ ^ 

5 X°iOa a ,ra9TOn ^ Cf0SS Sea ' 0nal il,US,ra,i ° n * — 01 - ««— 

% "a. Is a fragment cross sectional iitotration of a portion of .ha apparafus of 
F. S s. 10a and 10b dunng „. adius^o, the expansion eona fo a coffapseTpo^l 

10 ^ 1 1,a a ' ra9menlaV """ "' US,rata - — ' **" - - apparatus 

l7a ^T""" ™" ^ '" US,raU °" °' 3 -*» * *• ~s of F igs, 
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gs.na and 11b with the axpansion cone in a half collapsed position. 

gs. 1 la and 1 1b wth the expansion cone In a fully collapsed position. 
25 Fig. leisasldevlewofaportionoftheapparalusofFigs. 10aandl0b. 

Fig. 17a. fe a fragment cross secttonat illuslration of a portion of the appara.us of 

after * removal of ffie — '™ -* - - ~ 

30 

Fig 17b is a fragmentary cross secllona, i„ ustrata , o, another portion o, the apparatus 
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* an, 9. an examplat em d^ of " * * * * 8 * »■ * * 

neflnas a passags ,2a An „T h " * *** " W " ™*« 12 *- 
0' a sa,e ly collar ,4 ^ — * 12 * «*- - - - 

-* <* 14 proximate an, ahd!, * "~ * * 

Torque p,„s 20a and 20b ^^^It * ^ ^ 

'5 and of the safely collar 14. * UPPi * ™ ndrel «*»• '8 to the 

*> axlerna, Oanga 22c a, anol^T ° "* ^ °' * ^ * - « 
An upper packer cup 24 mateQ ,~ • 

uppa, packs, cup 24 la a Guibarson™ packar o p In ^ emb< ** men '' ,he 

25 with, raoeivas. and Is counted ta P UPPS ' Spacef stew * 26 matas 

upper mandral 22 proximate an and jL ^ ^ * <° «» 

embcdlman,. ,he ZJZ?™?. TT ~~ — 26 - 
— 30 mates nL^d te J£ZZ ^ "* * ^ 
'0 and of ,ha towe r packar cup 28 and h ! '" an * el 22 pro >**"a an 

-Inlng steava 32 mates 1 C "T ^ * ** ^ ^ A 

- a -™te lh aaxte m .^xriir o,,heto,rerspa - 
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An end of a lower mandrel 34 defines a recess 34a that mates with, receives, and is 
coupled to the external flange 22c of the upper mandrel 22, a recess 34b that mates 
with, receives, and is coupled to the end of the upper mandrel, a passage 34c, and an 
external flange 34d including circumferential^ spaced apart meshing teeth 34da on an 
end face of the external flange. Torque pins 36a and 36b further couple the recess 
34a of the end of the lower mandrel 34 to the external flange 22c of the upper mandrel 
22. During operation, the torque pins 36a and 36b transmit torque loads between the 
recess 34a of the end of the lower mandrel 34 and the external flange 22c of the upper 
mandrel 22. 



An upper cam assembly 38 includes a tubular base 38a for receiving and mating with 
the lower mandrel 34 that includes an external flange 38aa, a plurality of 
circumferentially spaced apart meshing teeth 38b that extend from one end of the 
tubular base in the longitudinal and radial directions for engaging the meshing teeth 
34da of the end face of the external flange 34d of the lower mandrel, and a plurality of 
circumferentially spaced apart cam arms 38c that extend from the other end of the 
tubular base in the opposite longitudinal direction and mate with and receive the lower 
mandrel. During operation, the meshing teeth 34da of the end face of the external 
flange 34d of the lower mandrel 34 transmit torque loads to the meshing teeth 38b of 
the upper cam assembly 38. Each of the cam arms 38c include an inner portion 38ca 
extending from the tubular base 38a that has arcuate cylindrical inner and outer 
surfaces, 38caa and 38cab, a tapered intermediate portion 38cb extending from the 
inner portion that has an arcuate cylindrical inner surface 38cba and an arcuate conical 
outer surface 38cbb, and an outer portion 38cc extending from the intermediate portion 
that has arcuate cylindrical inner and outer surfaces, 38cca and 38ccb. In an 
exemplary embodiment, the radius of curvatures of the arcuate outer cylindrical 
surfaces 38cab are greater than the radius of curvatures of the arcuate outer cylindrical 
surfaces 38ccb. In an exemplary embodiment, the radius of curvatures of the arcuate 
inner cylindrical surfaces, 38caa, 38cba, and 38cca are equal. 

A lower cam assembly 40 includes a tubular base 40a for receiving and mating with the 
lower mandrel 34 that includes an external flange 40aa. a plurality of circumferentially 
spaced apart meshing teeth 40b that extend from one end of the tubular base in the 
longitudinal and radial directions, and a plurality of circumferentially spaced apart cam 
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ST„ reCe ' Ve ^ ' 0Wer Ea * * •» - "W 400 

«lude an ,nner portion 40oa extending frcm the tubular base 40a M has arcuate 

Z r rr ou,er surfaces ' 4oraa an < ^ * ^ «-»-* **« 

I h " 9 ° m lmer POrt '° n «* "« teS - «- <*•— I inner surface 

Id" r " r a ' e * ° Ule ' " rfaM 4 ° Cbb ' and « «* Portion 40oo 
e^ng from the ,„ temledtete port|on , ha , ^ ^ 

surfaces. 4000a and 40ooo. ,„ an exempt embodiment, me radius or cultures or 
the arcuate outer cylindnce, surtaoes 40cab are greater than the radius o, curvatures 
me arouate outer cytindnca, surtaoes 40oob. ,„ an exemptery embodiment, tbe radius 
jatures o, the arouate lraW cyiinddca, surtaoes. 40oaa, 40oba. and 40ooa a. 
equal. ,n an exempted en„bodi m en., tbe upper and tower cam assents. 38 and 40 
e substantaily identical, in an exemptery embodiment, tbe cam amts 38o o, the 
per oan, assembly 38 interteave tbe oam am* 40o of U,e tower oan, assembiy 40 
Furthermore, in an exemplary embodiment, the oam arms 38o of tbe upper oam 
ssembty atso overiap with „ ram arm3 ^ „ m am » ™ 

^ *— ^ ^ >° - — z 

upper and lower cam assemblies. 

An end of an upper retaining sleeve 42 receives and Is threadat* coupled to the 

and ma„ng v»th me outer circumferential surfaces o, the externa, flange 38aa and Z 
mesh,„g teeth 38b o, the upper oam assembiy 38. and an inner annular races 4^ 

™mb,y. and an interna, flange 42d a, one end of the upper mtaining sleevel, 

re ess 42b for sealmg the mterfaoe between the upper retaining steeve 42 and the 
externa flange 34d of the iower mandrel 34. A disc shaped shim 43 is po^n* 

n nga cTrT 5 S ' eeVe 45 ' he 0 ""*» " — * * «— 
aslb y 8 n '" 9 S ' eeVe -* 38b * - W - 



AM» o, upper expansion cor* segments 44 ana interleaved among the cam arms 
38c o, the upper cam assembly 38. Each of the upper expansion cone segments 44 
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c«* segment define hinge grooves 44aoa tJ. 

arms 40c of the lower cam assembly 40 corresponding cam 

mate with and receive the I ^ COnical surface * 44ba 

» ^0oJZ:^Z:T ° Uter 4 ° Cbb °< ^-diate 

corresponding cam arms of the lower cam assembly. 

In an exemplary embodiment, the radius of curvature of the ^ , ,■ 
surface 44aaa is less than th e w CUate ^""^cal inner 

surface 44aab. ,n an e^l I ~ " ** ~- Cy " ndrical ™" 
cynndrica. inner ^^^T * " " ™* 

cyiindrica, surface 44aTb ^ ° f ""^ ° f lhe 

-aces. 44aaa an'tab « ZTT^' * ^ ~ ^ 
cylindrica, outer „,h^ ~ ' "IT " embodiment, the arcuate 

—>*m m.hls.anne,, ^eUX bt, """ "° °' ** ^' ^ 
*~ —on cone segn^ 44 a n 7/ ^ ~ J"""" *° ^ « 
segments 46 include inner oortion, ^ „ er ex P ansi °n cone 
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Prions 46c having arcuate ^Tn ™ - 
5 ~ — -»-* «• deflne „ *£Z£T P0 *" 463 °' - 

<*•*** outer ^ Mccb ™«e «h and receive lhe arcuale 

» - 3ac o, „ upper ram ass *» ^ « - ^spending cam 

™<e with and nsceive the ^ "* 0,6 fnner conical surfaces 46ba 

— --~::ra:^r;rLir— 

«*> «aab. ,„ an ^^£™T " ^ ~ ™ 
inner surface ^ ^ ~ * * — * 

cyWdca, surface 46aab. in « TJ*" " " "» ~* 

spaces. 46aaa and 46aab. si ^ - inner 

' "**«»*- surface 46ab is incjined J, . e " emPlary embodim ^ *• arcuate 
«aaa. in an exemplary * ** "~ ™r surface 

Pa«e, fo .e arcua,e ^^^tTr ^ * 

arcuale cylindrical inner surface 46ca. " ' nC " ne<J <° •» 

'n an exemplary embedment, the geometries of m. . 

~ 44 and 46 are sube Jally^ h T *~ ~ ™ 
Wer expansion cone segmenfs 44 L J**. *" 8X " n,p ""» ambodiment. the 

r - - ~ : r^T 1 " ,r ° m ,he 

W ~" «™ segments 46 ane fapenL, 1 ^ 3 " d »» 

at* o, the intermediate portions 46b fo thH ""^ ,ram •» 
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qMn* surface, the arcuate spherical outer surfaces. 44bbb a* 46bbb. of me upper 
and tower expansion cone segments define an contiguous arcuate spherical surface 

22, arCU3,e ** 3nd 46bba ' of - 'ower 

expansion cone segments define a contiguous cylindrical surface 

lTl! lower T ins steeve 48 definss a passaae 483 ** rece ^ - 

II 6rente ' °' 0,6 eX,6mal «aa and the meshing 

teeth 40b of the tower com assembly 40. and an inner annutar recess 48b. an 
«*- an ,n.ema, fiange 48c for retaining the externa, fiange of the lower cam 
a*emb,y, and an interna, fiange 48d at one end of fine tower retaining sleeve «ha. 
mdudes a mended lienor end face for mating with fine hinge grooves 46 aba of me 
tower expans,on cone segments 46 thereby pivoMy coupBng the lower expansion 
e segment to the lower retaining sleeve. An o-ring sea, 60 is received „L the 

I^atrV &C 49 * " «* - — f^mg 

, elndTT ,T~* *~ °' ^ interna ' «* <* <*» 
sleeve and the external flange 40aa of the lower cam assembly 40. 

In an exemptary embodiment the arcuate cylindrical outer surfaces 44bba of the upper 
expansion cone segments 44 and the arcuate cylindrical outer surfaces 46cb o, The 
ower expansion cone segments 46 are aligned with the outer surface * the upper 
ete,n,ng seeve 42. In an exempt embodiment, the arcuate cyiindrica, oul 
surfaces 44* of the upper expanston cone segments 44 and fine arcuate cyindnll 

s~th e r bba ," te **" expansion - ~ - - » — 

surface of the lower retaining sleeve 48. 

IdT I " ^ 50 ,ha ' ^ 3 P ' Ura »* <* <*»*"■** spaced 

aparf mesh,ng teem 50a for engaging the meshing teeth 40b of fine tower cam 

sleeve 48 tat defines a passage 50b a. one end for receiving an end of the tower 
mandre 34, a passage 50c having a reduced inside diameter a, another end. a plu^ 
f radra passages 50d a, fine other end. and incudes an interna, flange 50e and! 

ZlZTo 5W a ' ,he ^ end ,ha ' inctos a " 

transm,, toque toads to and from the meshing teem 60a of the float shoe adaptor. 



f~-^TTL-rrr;r 

shoe adaptor 50 (hat defines a passage 52a ,„ 506 °' " W floa ' 

« a fhroa, passage 525 lnc J,^ ^ZS: 7 T** ^ 
and another end of the reding sleeve ha ™ ! lndUdeS 3 " an9e 52<1 ' 

•» *P no, 54 ,0 the retaining s ,e v "* Pte 56 *— * coupte 

e"d of fine retaining s.eeve 52 thl, ! ' 95 " ~ P ° Sfcned «■* an 

34. and a diaoZp^ IITh^ " '° - "~ 

la positioned within an end ^he " *" b ™ 34 and 

expandahie , ubu , ar * I T " ^ *" * A " « of an 

-* ooitar ,4, the opp^l: — 12 , the 

» Packer cop 28. the tower mandrel 34 t "* ^ *> >™' 

^r expansion oone segn^l T Se9TOn,s «• *• 

receives an end of the ^ ** *" ^ 6 °' " «*" <° « 

— sphedoa, e«ema, ^ ^hhT 45^ f'T ^ * "* 
expansion cone segments, 44 and 46. UPPer and ,ower 

During operation, as illustrated in Figs 1a and 1b tu. 

"~ ttr rr: 



o 



horizontal. A fluidic materia, 104 i, then iniected Into the apparatus 10 thmugh the 

zz z r 22a ' 34c ' soc ' ^ and Mb * - — ^ * 

expandable lubular member 66 and the borehote ,00. tn an exemptery embodiment 

. atrtr: 1 104 ,s a ha,denabie ** se * 9 ™ tertei - — « 

Zr ^ 06 ** ^ "» » -pandabte 

lubular member 66 and the borehole 100. 

As Illustrated in Figs. 10a and ,0b. a ball 106 is then be positioned within and blocking 

,0 a "' Mb * ^ fl0at M by **« a "*> ™ into 

10 ,be apparatus ,0 through ,he passages ,2a, ,4a. 22a. 34c. and 50c. As a result the 

Z ,r PreSSUre ^ ^ 806 »- ~" - *cs 
postaed w,,„,n , he radla, passages 50d o, .he floa, shoe adaptor 50. The continued 

.nice,™ o, die „u W ,c materia, ,08 .neraby pressurizes Ihe interior * the exZ ab 

Utbular member 66 below the lower packer cup 28 .hereby dicing the „ pa a!d 

r expa ;r °° ne s ~ 44 and «■ ~ *~ <° - - 
I zr? e ,ubuiar member * *• a resu "' •» e ~* «* ' « * 

Mr deformed and rad,a,,y expanded. Thus, the burs, discs 62 sense the 
operaung pressure of the injected „uidic material ,08 wiWn lha passage 50c and 

20 tir:°h r e ,n,,iata ° f ,he — ** ** «— ~ * 

expandable tubular member 66. 
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In an example* embodiment, any teakaga ta pressurized fluidic materia, 108 pas, 

Z TSTZ 28 is " and sea,ed a9ainst ,urto - - 

packer cup 24. In Ihts manner, the lower packer cup 28 provides me primaty nuldic 
sea agams, ma interior surface o, «he expandable tebular member 66, and the u t 
acker cup 24 pro y,des a secondary, back-up, «dic sea, agains, ,he interior surfaTJ 

hT Z7 ' 24 Pr ° Vide 3 " Shl SM ' *• Of 

ha expandable tufcular member 66, Ihe upper and iowar expansion cone sagmenls 44 

in an exemplary embodimenl, during the radial expansion process, the interface 
between the arcuate spherica, externa, surfaces. 44bbb and 46bbb. o, the upplr and 
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«r expans on cone segments. 44 and 46. and the inten* surface o, ,he expand* 
uMa membe, 66 is no, ft* « gM . M a result , „ f|uWc P 

2 « « *• ««M externa, surfaces, 44bbb and 46bbb, o, Ihe 

eZ dal rr nSi °" ^ - n "* 44 - 46 ' - - «-«- «*» of <be 
expandabte tubula, member 66. Moreover. expebmenta, test resu|ts have 

1"*" ^ " "» *— « P— of me nuidic mateha, 

tadta, expanse of Ihe expanse ,ubu,ar member 66 is ,ess when ,be in «erface 

i — 31 «*-• 4«. and 46ob. and me arouate spben" 

r a : d ; t and 46bbb ' of ,he ^ ^ » — ~. 

*h plerm "*» °' "» * ™mb.r 66 is no, fluid 

rl etr rf " ^ 3150 d "~ - "» «- 

and 46bbb Mh ^ "* ^ ^ «*»•. 44bbb 

7* ^ '° Wer eXPanSto " *~ « « «* P-ides 
- Pfa* deformabon of ,be expandable tubular member 66 using 
operas pressures versus an expanse cone havm, a conica, ou,er surfac*. 

In an exemplary embodiment, as illustrated in Figs. 11a, 11b 12 13 14 ,. anrt 
•» upper and ,ower expanse cone segments, 44 and 46, 

T dn9 a ba " 110 wi,hh ,he ba " - ■* — 

108. after Ihe pteoemen, of me ba,, 1,0 wfthin the M valve seal 52c ^ 
drfterenba, pressure across .be ba,, 1 10 tbereby appiying a downward .ongitudC ca 
onto ,he retaining sleeve 52 thereby sheadng Ihe sbear pins 56 As Zl Z 
J--., sieeve 52 is diapiacd in Ibe downward io^udina, direct cJaZ o 

n h tdL T f ,h6reby Pem "" n9 **■ d08S 58 10 * **- « 
in .be rad Bl d,reo„on. The outward radial d,sp,eoemen t of ,be ,o*,ng dogs 58 

disengages me iocKing do,a from earner,, „i,b ,be tower mandre, 34 Z , 

belo'aT " ^ " PreSSUre °' "» "* « " 

me Ihroa, passage 52b and thereby oonfroiHig tba initiate of tbe collapsing „ " 

upper and lower expansion cone segments, 44 and 46. 

ZZT* IT" °' ^ " UWC 108 — 10 *"« - fining 

Sleeve 52 ,n me downward iongitudina, diteCon relative ,o me ftoa, sbc adaptor 50 
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«m .he external flange 52a ef ,he retaining sleeve 52 impacts, and apptiea a 
"T? IOn9 " U * al *•» * •» "ange 50e of the float sn oe adaptor " 

5 IT t '° *" mandrel 34 ' ^ *— mJL* 

11 7 eXPa " Sl0n 00,16 Se8TO " te 46 ' - ■» '°wer retaining sleeve 

S. wh,ch are ng,d,y adached to the float shoe adaptor. ,o a,so be dllaced 

~ :i ongi,ud ' na ' ^ ^° * »° - «— * j u rr: 

assembly 38, and the upper expansion cone segments 44. 

^downward 'ongi^dina, displacement oHhe lower cam assembly 40 relative to ma 

z con , e : e9mente 44 — ^ — » «- — < 

sl.de off of fhe contcal external surfaces 40chb of the tower cam assembly and thereby 

t5 ~t; rad " dire * n aboui ma ,ntemai -* - - - - - S 

segments 46 relate to me upper cam assembly 38 causes ,he lower expansion cone 
segments 45 to stide of, o, the externa, oonica, surfaces 38cbb o, , he ™ ™ 
assemb, and .hereby pivo, inwardly , „ ra dia, direcflon abou. ,he ,„ ZZ^Z 
he lower reining sleeve. As a resui, o, .he inward radial movemen, of 
20 and lower expansion cone segments, 44 and 48. the arcuate externa, spheZ 
surface. 44bbb and 48bbb. o, « he upper and tower expansion cone segmlTa* 
46. no longer provide a subslanflafly conflguous outer arcuate sphedca, surfacl 

d«s TmT , M i$ S ' 0PPed te StoP ™ 54 *«* - ^ 

dogs 58. At this po,n,, as illustrated in Figs, ,7a and 17b. the apparatus ,0 may then 

be removed from the interior o, me expandabte u*Uar member 66 

30 1o2 Z aP ,T' US fffey be removed from ft. expandable tubutar member 66 pnor 
to the complete ra d,a, expansion and plasflc de,orma,lon o, ,he expandable ,uZ 
member by cdntroltobly co,,aps,„g ,e upper and lower expansion Co e s^me Tu 
and 46. As a result, the apparatus 10 provides tbe following benefits- (1) ,h , , , 

i~r e r on ~ ara — ~ - : ~ 

reared because fhe portton of the expandable tubular member 66 between the 



o 
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packer cups, 24 and 28, and the expansion cone segments is exposed to the 
expansion fluid pressure; and (3) the expansion cone segments can be run down 
through the expandable tubular member, prior to radial expansion, and then the 
expansion cone segments can be expanded. 

In several alternative embodiments, resilient members such as. for example, spring 
elements are coupled to the upper and lower expansion cone segments, 44 and 46 for 
recently biasing the expansion cone segments towards the expanded or collapsed 
position. 



In several a.ternative embodiments, the p.acement of the upper and lower expansion 
cone segments, 44 and 46, in an expanded or collapsed position is reversible as 
disclosed in PCT patent application serial no. PCT/_/_, attorney docket no 

25791.88.02, filed on _, the disc|osure of whjch fe inco d herejn 

15 reference. 
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In several alternative embodiments, a small gap is provided between the upper and 
lower expansion cone segments, 44 and 46, when positioned in the expanded 
condition that varies from about .005 to .030 inches. 

An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes an upper tubular support member defining a 
first passage, one or more cup seals coupled to the exterior surface of the upper 
tubular support member for sealing an interface between the upper tubular support 
member and the expandable tubular member, an upper cam assembly coupled to the 
upper tubular support member comprising: a tubular base coupled to the upper tubular 
support member, and a plurality of cam arms extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an inclined surface a plurality 
of upper expansion cone segments interleaved with the cam arms of the upper cam 
assembly and pivota.ly coupled to the tubular support member, a lower tubular support 
member defining a second passage fluididy coupled to the first passage releasably 
coup.ed to the upper tubular support member, a lower cam assembly coupled to the 
lower tubular support member comprising: a tubular base coupled to the lower tubular 
support member, and a plurality of cam arms extending from the tubular base in an 



upward longitudinal direction, each cam arm defining an inclined surface that mates 
w,th the inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly, and a plurality of lower expansion 
cone segments interleaved with cam arms of the lower cam assembly, each lower 
expansion cone segment pivotally coupled to the lower tubular support member and 
mat.ng with the inclined surface of a corresponding one of the cam arms of the upper 
cam assembly, wherein the lower expansion cone segments interleave and overlap the 
upper expansion cone segments, and wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surface for plastically 
deforming and radially expanding the expandable tubular member. In an exemplary 
embodiment, the upper tubular support member includes: a safety collar, a torque plate 
coupled to the safety collar including a plurality of circumferentially spaced apart 
meshmg teeth at an end. an upper mandrel including a plurality of circumferentially 
spaced apart meshing teeth at one end for engaging the meshing teeth of the torque 
Plate and an external flange at another end. and a lower mandrel coupled to the 
external flange of the upper mandrel including an external flange including a plurality of 
crcumferentially spaced apart meshing teeth. In an exemplary embodiment, the 
tubular base of the upper cam assembly includes a plurality of circumferentially spaced 
apart meshing teeth for engaging the meshing teeth of the external flange of the lower 
mandrel. In an exemplary embodiment, the apparatus further includes a stop nut 
coupled to an end of the lower mandrel for limiting the movement of the lower tubular 
member relative to the lower mandrel. In an exemplary embodiment, the apparatus 
further mcludes locking dogs coupled to the lower mandrel. In an exemplary 
embod,ment. the lower tubular support member includes: a float shoe adapter including 
a plurahty of circumferentially spaced apart meshing teeth at one end, an internal 
flange, and a torsional coupling at another end, a lower retaining sleeve coupled to an 
end of the float shoe adapter including an internal flange for pivotally engaging the 
lower expansion cone segments, and a retaining sleeve received within the float shoe 
adapter releasably coupled to the upper tubular support member. In an exemplary 
embod,ment. an end of the retaining sleeve abuts an end of the tubular base of the 
lower cam assembly. In an exemplary embodiment, the tubular base of the lower cam 
assembly includes a plurality of circumferentially spaced apart meshing teeth for 
engaging the meshing teeth of the float shoe adaptor. In an exemplary embodiment 
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WML InanexempiarvemL ^ ' 0Wer e * pansi ° n — 

5 shea, p ins coupie Ttl en toe ^ ***« «~ « "™ 

an arcuate cyiindri JIT rt! e9me "' """"^ an ™ er ■"*» de «"9 

"PPer expand : e ~: T ' 3 ^ * »*+ ^ 

ctfndrtca, ,ower aurtaces Tnl - " W " t 300 areaate 

Suppers rtCaJ'Tr " u * aa < 

segment to the tower 1 ~ 7 •» a ~ cc™ 

an intermediate ,J£1?T* 7 ^ ^ ^'i™ 1 " 081 
an arcuate * - 

apperant, iower J a "s „ " 1 "* ^ a ™ ate <*-*- 

segment ,s «ape^ t^e on 77" emb0d,me " , ' eaCh ^ a ~ «« 
outer portion; aTlLem nl * ■» 

—on, ro ;ie:::^~c~ — - - 
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X Zri'T? an external indud,n9 a p,uraMy ° f 

spaced apart meshpng l«th. a stop nut coupled to an and of the tower mandre, an 
upper retain^ 5 ,aave coup,ed to me tower mandra, inking an interna, Jo™ 
more cup seals coupted to „ upper mandre, tor sealing an interface beLn J 
upper mandre, and the expandabto member. an upper _ J£ 

parrr; t 1 T n9: a ,ubu,ar basa a - *~L y 

he tower Andrei, and a pturality of cam arms extend™, from , he ^ ba5 . 
downward tongitodina, direction, each cam arm de«ng an Wined surtace. a p ^ 

a sem T'°" S " men,S '" ,erteaVed * "» °™ ™ * «• "PP- cam 

r " r : 9 a p,urai " y ° f ° ircu ™* **> 

1Z ' " " an9e ' ^ 3 ' 0rSl0nal a < «* a lower 

Z . £LT ,0 an end °' ,he floa ' shae adap - «-« - — 

«ange. a reta,n,ng sfeave received within the ftoa. shoe adaptor, one or more shear 

ZZ 77? couplin9 ,he re,alnin9 s,eeve 10 lha stop -* a *- - ~ 

coupted ,o the „«,, shoe adapter lnduding: , V 

c^mtorenGallv spaced apart meshing toeth for engaging the mashi g 

float shoe adapter, and a plurality o, cam arms extending „om the tubul ba e i an 

win ft. ,nd,neu surtax of a corresponding one of ma upper expansion cone 
gmen s. ^ ^ ^ _ „ ^ ^ ^ ^ JM« 

avedap ,he cam arms o, the tower cam assembly, a plurality cf tower expansion cone 
segments in.edea.ao with cam arms o, the iower cam assemb,. each toTelZ 
cone segment pi„o fa „ y coupled to the interna, ftonge of the toJer retainin sZ an" 
n-ng * una inCined surtace o, a responding one of the cam arZ TuZ 

adaptor, and an expandable tubutor member coupled to the ftoa, shoe and 
supported by and movab,y coupled to the upper and tower expansion cone segme s 
wherem ,he tower expansion cone segments intertoave and overtop h Til 
expanse cone segments, wherein the upper and tower expanston cone LgZ 

X e 2Tr a,e SPhe,iCa ' aXtema ' ** an 

«Wy expand,ng the expandabto tubular member, wherein each upper expansion 

cone segmen, incudes: an inner portion doming an arcuato cyiindrtca uppe~ 
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mdud.ng a hinge groove for pivota»y coupling the upper expansion cone segment to 
the upper tubular support member and arcuate cylindrical lower surfaces an 
intermediate portion denning arouale cylindrical and spherical upper surfaces and an 
arcoate conical lower surface, and an outer portion defining arcuate cylindrical upper 
^d iower surfaces, wherein each lower expansion cone segmen, Modes: an inner 
portion .defining an arcuate cylindrical upper surface including a hinge groove for 
^vofalfy couplmg trie iower expanston cone segment ,„ me lower tubular support 
member and arccate cylindrical tower surfaces , an intermediate 
arcuate cylindrical and spherical upper surfaces and an arcuate conic, lower surface 
nd an outer portion defining arcua te cyiindriea, upper and tower surface, wherein 

T 6XPanSron ^ SegTOn ' " ^ "» 1°°*™™' *«*" <™ .he 
ntermed, ate portion to me outer portion, and wherein each tower expansion cone 

s gment ,s tapered in the tongifudinal direction hn. the intenmediate portion ,o the 
outer portion. 

A ootiapsibte expansion cone assembfy has *o been described that Indudes an upper 
«*r support member including an interna, flange, an upper cam assembly cou led 
to the upper .ubular support member including: a tubular base coupled to the upper 
support member, and a pluraiity of cam arms extending tan the tubular base in a 
downward longitudinal direcuon. each cam arm defining an inclined surface, a plurality 
of upper expansion cone segments interleaved with the cam anms of the upper cam 
mm* and pivotally coupled to the interna, flange o, me upoar tubular support 

Z2 3 7 IUbU ' ar indUd '" 9 " ' nte ™' ~ or more 

couplmgs for releaeably coupll^ to upper and lower lububr 

members, a lower cam assembly coupled to the lower tubular support member 
,nctod,ng: a tubular base coupled to the tower lobular support member, and a Z% 

r 9 ' r0m ' UbUlar a " UPW - d « 

cam arm denn,ng an Inclined surface tha, mates with the mcned surface of a 

the upper cam assemb,y are interleaved with and overtap the oam arms of the lower 

arms of the lower cam assembly, each lower expansion cone segment pivotally 

mcned surface of a responding one of lhe cam amrs of the upper oam assembly, 

24 



wherein the lower expansion cone segments interleave and overlap the upper 
expanse cone segments, and wherein the upper and lower expansion cone segments 
together define an arcuate spherical external surface for plastically deforming and 
rad,a.ly expanding the expandable tubular member. In an exemplary embodiment 
each upper expansion cone segment includes: an inner portion defining an arcuate 
cyl-ndrical upper surface including a hinge groove for pivotally coupling the upper 
expans.cn cone segment to the upper tubular support member and arcuate cylindrical 
lower surfaces, an intermediate portion defining arcuate cylindrical and spherical upper 
surfaces and an arcuate conical lower surface, and an outer portion defining arcuate 
cyl.ndr.cal upper and lower surfaces, and wherein each lower expansion cone segment 
includes: an inner portion defining an arcuate cylindrical upper surface including a 
hmge groove for pivotally coupling the lower expansion cone segment to the lower 
tubular support member and arcuate cylindrical .ower surfaces, an intermediate portion 
defin.ng arcuate cy.indrical and spherical upper surfaces and an arcuate conical .ower 
surface, and an outer portion defining arcuate cylindrical upper and lower surfaces In 
an exemplary embodiment, each upper expansion cone segment is tapered in the 
longitudinal direction from the intermediate portion to the outer portion, and wherein 
each lower expansion cone segment is tapered in the longitudinal direction from the 
intermediate portion to the outer portion. 

A collapsible expansion cone assembly has also been described that includes an upper 
tubular support member including an internal flange, an upper cam assemb.y coupled 
to the upper tubular support member including: a tubular base coupled to the upper 
support member, and a plurality of cam arms extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an inclined surface, a plura.ity 
of upper expansion cone segments interleaved with the cam arms of the upper cam 
assembly and pivotally coupled to the interna, flange of the upper tubuiar support 
member, a lower tubu.ar support member including an interna, flange, one or more 
frangible couplings for releasably coupling the upper and lower tubu.ar support 
members, a .ower cam assembly coup.ed to the lower tubu.ar support member 
•ncluding: a tubu.ar base coup.ed to the .ower tubu.ar support member, and a p.ura.ity 
of cam arms extending from the tubu.ar base in an upward longitudina. direction, each 
cam arm defining an inclined surface that mates with the inclined surface of a 
corresponding one of the upper expansion cone segments, wherein the cams arms of 

25 
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«» up e ,ubu,ar support member and arcuate cyiWnca, tower sufaL an 
n*rmed,a,e portton d**„ arouate cyWrtoa, and spnenea, upper surfa^d 

pel 7 f re ' n ^ eXPanSi ° n ™ e Wudas: an hner 

ptlT 9 " ar " ate * driCal W ' *»*■ a hinge groove 7 

— i cwinddoa, upper and to»er sunC le eTn 
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upper earn assembiv coup,ed ,o ft. upper rubutor support member 
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"Coding: a tubular base coup,ed to the upper support member, and a polity of cam 
-seeding the tubular base In a downward longitudinal ^1, %Z 
-™ «ta9 an Mined surface, a plumlity of upper expansi0 „ „ 

5 ;XT 0 ;i e ram arms or ,he upper ram ™ « «*- * * 

b o T, *** ^ member ' a b - ram — "** «M*d ,o 

: r ar support ™ mber **** a •** - «*- - - ir l 

support member, and a polity of cam amrs exfending from ,he tubular base in an 
w„h the ,„ dlned surface of . COTesponding OTe 

l 1 T ^ '° Wer a " d a -* urali * " ~n 

eZz : : r ea : d * ram arms ° f ,he ^ ram — « -» 
s I m t p " ,o,a " v c ° upied ,o *° iniernai * •» ■ 

-5 l a j : I' mal,n9 * ^ * a one of me 

cam arms of the upper cam assembly; and wherein the apparatus further Incudes- 

support member, and means for limiting movement of the upper tubuter support 

,he rr ,uwar ^ - - 

20 and m 6a n , ""*"**• ■» W expansion cc« segments 

embodrment, the apparalus ^ ^ ^ ^ P J 

expanse cone through the expandable tubular member. 

25 1 C °" a h PSible i e,<PanSto " «» *- «•» »een descnbed tha, inches an upper cam 
17? 3 ' UbU,ar taS6 ' and a <* -» «™ extendtn II 

surface, a plura,„y of upper expansion cone segments interleaved with the cam arms of 
-he upper cam assembly, a lower cam assembly inCuding: a tubuiar Z rt! 

lion, each cam arm detinrng an inclined surface that mates with the inclined 

™Z a o,~ in ° ° f — °~ "~ ~ 

cams rms of the upper cam assembty are interleaved with and overlap the cam am* 

-h cam amtsof the lower cam assemb*. each lower expansion cone segment mat*g 
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with the inclined surface of a corresponding one of the cam arms of the upper cam 
assembly, means for moving the upper cam assembly away from the lower expansion 
cone segments, and means for moving the lower cam assembly away from the upper 
expansion cone segments. In an exemplary embodiment, the upper and lower 
5 expansion cone segments together define an arcuate spherical external surface. In an 
exemplary embodiment, each upper expansion cone segment includes: an inner 
portion defining an arcuate upper surface and arcuate cylindrical lower surfaces, an 
intermediate portion defining arcuate cylindrical and spherical upper surfaces and an 
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper 

10 and lower surfaces, and wherein each lower expansion cone segment includes: an 
inner portion defining an arcuate cylindrical upper surface and arcuate cylindrical lower 
surfaces, an intermediate portion defining arcuate cylindrical and spherical upper 
surfaces and an arcuate conical lower surface, and an outer portion defining arcuate 
cylindrical upper and lower surfaces. In an exemplary embodiment, each upper 

15 expansion cone segment is tapered in the longitudinal direction from the intermediate 
portion to the outer portion, and each lower expansion cone segment is tapered in the 
longitudinal direction from the intermediate portion to the outer portion. 

A method of radially expanding and plastically deforming an expandable tubular 
20 member has also been described that includes supporting the expandable tubular 
member using a tubular support member and a collapsible expansion cone, injecting a 
fluidic material into the tubular support member, sensing the operating pressure of the 
injected fluidic material within a first interior portion of the tubular support member, 
displacing the collapsible expansion cone relative to the expandable tubular member 
25 when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular support member, 
sensing the operating pressure of the injected fluidic material within a second interior 
portion of the tubular support member, and collapsing the collapsible expansion cone 
when the sensed operating pressure of the injected fluidic material exceeds a 
30 predetermined level within the second interior portion of the tubular support member. 
In an exemplary embodiment, the method further includes: pulling the collapsible 
expansion cone through the expandable tubular member when the sensed operating 
pressure of the injected fluidic material exceeds a predetermined level within the first 
.nterior portion of the tubular support member. In an exemplary embodiment, pulling 
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Claims 



1. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

an upper tubular support member defining a first passage; 

one or more cup seals coupled to the exterior surface of the upper tubular 
support member for sealing an interface between the upper tubular support member 
and the expandable tubular member; and 

an adjustable expansion device coupled to the upper tubular support member 
adapted to be controllably adjusted between a smaller outside diameter and a larger 
outside diameter. 

2. The apparatus of claim 1 , wherein the adjustable expansion device comprises: 
an upper cam assembly coupled to the upper tubular support member 

comprising: 

a tubular base coupled to the upper tubular support member; and 

a plurality of cam arms extending from the tubular base in a downward 

longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 

the upper cam assembly and pivotally coupled to the upper tubular support member; 
a lower tubular support member defining a second passage fluidicly coupled to 

the first passage releasably coupled to the upper tubular support member; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 

direction, each cam arm defining an inclined surface that mates with the inclined 

surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 

overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 

lower cam assembly, each lower expansion cone segment pivotally coupled to the 

lower tubular support member and mating with the inclined surface of a corresponding 

one of the cam arms of the upper cam assembly. 
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3. The apparatus of claim 2, wherein the lower expansion cone segments interleave 
and overlap the upper expansion cone segments; and wherein the upper and lower 
expansion cone segments together define an arcuate spherical external surface for 
plastically deforming and radially expanding the expandable tubular member. 
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1. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

5 an upper tubular support member defining a first passage; 

one or more cup seals coupled to the exterior surface of the upper tubular 
support member for sealing an interface between the upper tubular support member 
and the expandable tubular member; 

an upper cam assembly coupled to the upper tubular support member 
10 comprising: 

a tubular base coupled to the upper tubular support member; and 
a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
15 the upper cam assembly and pivotally coupled to the tubular support member; 

a lower tubular support member defining a second passage fluidicly coupled to 
the first passage releasably coupled to the upper tubular support member; 

a lower cam assembly coupled to the lower tubular support member comprising: 
a tubular base coupled to the lower tubular support member; and 
20 a plurality of cam arms extending from the tubular base in an upward longitudinal 

direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 
25 a plurality of lower expansion cone segments interleaved with cam arms of the 

lower cam assembly, each lower expansion cone segment pivotally coupled to the 
lower tubular support member and mating with the inclined surface of a corresponding 
one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interleave and overlap the upper 
30 expansion cone segments; and 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically deforming and radially expanding the 
expandable tubular member. 

2. The apparatus of claim 1 , wherein the upper tubular support member comprises: 
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a safety collar; 

a torque plate coupled to the safety collar comprising a plurality of 
circumferentially spaced apart meshing teeth at an end; 

an upper mandrel comprising a plurality of circumferentially spaced apart 
meshing teeth at one end for engaging the meshing teeth of the torque plate and an 
external flange at another end; and 

a lower mandrel coupled to the external flange of the upper mandrel comprising 
an external flange comprising a plurality of circumferentially spaced apart meshing 
teeth. s 

3. The apparatus of claim 2, wherein the tubular base of the upper cam assembly 
comprises a plurality of circumferentially spaced apart meshing teeth for engaging the 
meshing teeth of the external flange of the lower mandrel. 

4. The apparatus of claim 2, further comprising: 

a stop nut coupled to an end of the lower mandrel for limiting the movement of 
the lower tubular member relative to the lower mandrel. 

5. The apparatus of claim 2, further comprising: 
locking dogs coupled to the lower mandrel. 

6. The apparatus of claim 1, wherein the lower tubular support member comprises: 
a float shoe adapter comprising a plurality of circumferentially spaced apart 

meshing teeth at one end, an internal flange, and a torsional coupling at another end; 

a lower retaining sleeve coupled to an end of the float shoe adapter comprising 
an internal flange for pivotally engaging the lower expansion cone segments; and 

a retaining sleeve received within the float shoe adapter releasably coupled to 
the upper tubular support member. 

7. The apparatus of claim 6, wherein an end of the retaining sleeve abuts an end of 
the tubular base of the lower cam assembly. 
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8. The apparatus of claim 6, wherein the tubular base of the lower cam assembly 
comprises a plurality of circumferentially spaced apart meshing teeth for engaging the 
meshing teeth of the float shoe adaptor. 

9. The apparatus of claim 6, further comprising: 

a float shoe releasably coupled to the torsional coupling of the float shoe adaptor; 

and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and lower expansion cone segments. 

10. The apparatus of claim 1 , further comprising: 

one or more shear pins coupled between the upper tubular support member and 
the lower tubular support member. 

11. The apparatus of claim 1 , further comprising: 

a stop member coupled to the upper tubular support member for limiting 
movement of the upper tubular support member relative to the lower tubular support 
member. 

12. The apparatus of claim 1 . further comprising: 

a float shoe releasably coupled to the lower tubular support member that defines 
a valveable passage; and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and lower expansion cone segments. 

13. The apparatus of claim 1, wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
5 and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces. 

14. The apparatus of claim 13. wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 

10 and wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

15. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

15 a safety collar, 

a torque plate coupled to the safety collar comprising a plurality of 
circumferentially spaced apart meshing teeth at an end; 

an upper mandrel comprising a plurality of circumferentially spaced apart 
meshing teeth at one end for engaging the meshing teeth of the torque plate and an 
20 external flange at another end; 

a lower mandrel coupled to the external flange of the upper mandrel comprising 
an external flange comprising a plurality of circumferentially spaced apart meshing 
teeth; 

a stop nut coupled to an end of the lower mandrel; 
25 an upper retaining sleeve coupled to the lower mandrel comprising an internal 

flange; 

one or more cup seals coupled to the upper mandrel for sealing an interface 
between the upper mandrel and the expandable tubular member; 

an upper cam assembly coupled to the lower mandrel comprising: 
30 a tubular base comprising a plurality of circumferentially spaced apart meshing 

teeth for engaging the meshing teeth of the external flange of the lower mandrel; and 

a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 
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a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
retaining sleeve; 

a float shoe adapter comprising a plurality of circumferentially spaced apart 
meshing teeth at one end. an internal flange, and a torsional coupling at another end; 

a lower retaining sleeve coupled to an end of the float shoe adapter comprising 
an internal flange; 

a retaining sleeve received within the float shoe adapter; 

one or more shear pins for releasably coupling the retaining sleeve to the stop 

nut; 

a lower cam assembly coupled to the float shoe adapter comprising: 

a tubular base comprising a plurality of circumferentially spaced apart meshing 
teeth for engaging the meshing teeth of the float shoe adapter; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower retaining sleeve and mating with the inclined surface of a 
corresponding one of the cam arms of the upper cam assembly; 

a float shoe releasably coupled to the torsional coupling of the float shoe adaptor; 

and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and lower expansion cone segments; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically deforming and radially expanding the 
expandable tubular member; 

wherein each upper expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
5 and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
10 support member and arcuate cylindrical lower surfaces; . 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each upper expansion cone segment is tapered in the longitudinal 
1 5 direction from the intermediate portion to the outer portion; and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

16. A collapsible expansion cone assembly comprising: 
20 an upper tubular support member comprising an internal flange; 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member; and 
a plurality of cam arms extending from the tubular base in a downward 
25 longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
tubular support member; 

a lower tubular support member comprising an internal flange; 
30 one or more frangible couplings for releasably coupling the upper and lower 

tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 
a tubular base coupled to the lower tubular support member; and 
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a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; and 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically deforming and radially expanding the 
expandable tubular member. 

17. The assembly of claim 16, wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces. 

18. The assembly of claim 16, wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and 
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wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

19. A collapsible expansion cone assembly, comprising: 
5 an upper tubular support member comprising an internal flange; 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member; and 
a plurality of cam arms extending from the tubular base in a downward 
10 longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
tubular support member; 

a lower tubular support member comprising an internal flange; 
15 one or more frangible couplings for releasably coupling the upper and lower 

tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 
a tubular base coupled to the lower tubular support member, and 
a plurality of cam arms extending from the tubular base in an upward longitudinal 
20 direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 
25 lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; 
30 wherein the upper and lower expansion cone segments together define an 

arcuate spherical external surface for plastically deforming and radially expanding the 
expandable tubular member; 

wherein each upper expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
5 and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
1 0 support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each upper expansion cone segment is tapered in the longitudinal 
15 direction from the intermediate portion to the outer portion; and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

20. An apparatus for radially expanding and plastically deforming an expandable 
20 tubular member, comprising: 

a tubular support member; 

a collapsible expansion cone coupled to the tubular support member; 
an expandable tubular member coupled to the collapsible expansion cone; 
means for displacing the collapsible expansion cone relative to the expandable 
25 tubular member; and 

means for collapsing the expansion cone. 

21. The apparatus of claim 20, wherein the tubular support member comprises an 
upper tubular support member comprising an internal flange and a lower tubular 

30 support member comprising an internal flange; wherein the expansion cone comprises: 
an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member; and 

41 



o 



a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
5 tubular support member; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
1 0 surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
15 internal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; and 
wherein the apparatus further comprises: 

means for releasably coupling the upper tubular support member to the lower 
tubular support member; and 

20 means for limiting movement of the upper tubular support member relative to the 

lower tubular support member. 

22. The apparatus of claim 20, further comprising: 

means for pivoting the upper expansion cone segments; and 
25 means for pivoting the lower expansion cone segments. 

23. The apparatus of claim 20, further comprising: 

means for pulling the collapsible expansion cone through the expandable tubular 
member. 

30 

24. A collapsible expansion cone, comprising: 
an upper cam assembly comprising: 

a tubular base; and 
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a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly; 

a lower cam assembly comprising: 
a tubular base; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; 

means for moving the upper cam assembly away from the lower expansion cone 
segments; and 

means for moving the lower cam assembly away from the upper expansion cone 
segments. 

20 25. The apparatus of claim 24, wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surface. 

26. The apparatus of claim 24, wherein each upper expansion cone segment 
comprises: 

25 an inner portion defining an arcuate cylindrical upper surface and arcuate 

cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 
30 wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 
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an outer portion defining arcuate cylindrical upper and lower surfaces. 

27. The apparatus of claim 24, wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

28. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

supporting the expandable tubular member using a tubular support member and 
a collapsible expansion cone; 

injecting a fluidic material into the tubular support member; 

sensing the operating pressure of the injected fluidic material within a first interior 
portion of the tubular support member; 

displacing the collapsible expansion cone relative to the expandable tubular 
member when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular support member; 

sensing the operating pressure of the injected fluidic material within a second 
interior portion of the tubular support member; and 

collapsing the collapsible expansion cone when the sensed operating pressure of 
the injected fluidic material exceeds a predetermined level within the second interior 
portion of the tubular support member. 

29. The method of claim 28, further comprising: 

pulling the collapsible expansion cone through the expandable tubular member 
when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular support member. 

30. The method of claim 29, wherein pulling the collapsible expansion cone through 
the expandable tubular member comprises: 

coupling one or more cup seals to the tubular support member above the 
collapsible expansion cone; 
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pressuring the interior of the expandable tubular member below the cup seals; 

and 

pulling the collapsible expansion cone through the expandable tubular member 
using the cup seals. 

5 

31. The method of claim 28, wherein the tubular support member comprises an 
upper tubular support member and a lower tubular support member; and wherein 
collapsing the collapsible expansion cone comprises displacing the upper tubular 
member relative to the lower tubular support member. 

10 

32. The method of claim 31 , wherein the collapsible expansion cone comprises: 
an upper cam assembly comprising: 

a tubular base; and 

a plurality of cam arms extending from the tubular base in a downward 
15 longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the upper tubular support member; 
a lower cam assembly comprising: 

a tubular base; and 

20 a plurality of cam arms extending from the tubular base in an upward longitudinal 

direction, each cam arm defining an Inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

25 a plurality of lower expansion cone segments interleaved with cam arms of the 

lower cam assembly, each lower expansion cone segment pivotally coupled to the 
lower tubular support member and mating with the inclined surface of a corresponding 
one of the cam arms of the upper cam assembly. 
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Amendments to the claims have been filed as follows 



1. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

5 an upper tubular support member defining a first passage; 

one or more cup seals coupled to the exterior surface of the upper tubular 
support member for sealing an interface between the upper tubular support member 
and the expandable tubular member; 

a collapsible expansion cone coupled to the upper tubular support member; 
10 means for displacing the collapsible expansion cone relative to the expandable 

tubular member; and 

means for collapsing the collapsible expansion cone; 

wherein the expandable tubular member is coupled to the collapsible expansion 

cone. 

15 

2. The apparatus of claim 1, wherein the collapsible expansion cone comprises: 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper tubular support member; and 
20 a plurality of cam arms extending from the tubular base in a downward 

longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the upper tubular support member; 
a lower tubular support member defining a second passage fluidicly coupled to 
25 the first passage releasably coupled to the upper tubular support member; 

a lower cam assembly coupled to the lower tubular support member comprising: 
a tubular base coupled to the lower tubular support member; and 
a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
30 surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 



lower tubular support member and mating with the inclined surface of a corresponding 
one of the cam arms of the upper cam assembly. 

3. The apparatus of claim 2, wherein the lower expansion cone segments interleave 
and overlap the upper expansion cone segments; and wherein the upper and lower 
expansion cone segments together define an arcuate spherical external surface for 
plastically deforming and radially expanding the expandable tubular member. 




Office J 

For Innovation 



Application No: 
Claims searched: 



GB0506699.8 
1-3 



Examiner: 
Date of search: 



Alan Jones 
26 June 2006 



Patents Act 1977: Search Report under Section 17 
Documents considered to be relevant: 



Category 


Relevant 
to claims 


Identity of document and passage or figure of particular relevance 


A 




US3245471 A 

(HOWARD) See e.g. tubular support 15, cup seal 21, collapsible 
expansion cone 17, expandable tubular 12 



Categories: 



X Document indicating lack of novelty or inventive 
step 

Y Document indicating lack of inventive step if 
combined with one or more other documents of 
same category. 

& Member of the same patent family 



A Document indicating technological background and/or state 
of the art 

P Document published on or after the declared priority date but 
before the filing date of this invention. 

E Patent document published on or after, but with priority date 
earlier than, the filing date of this application. 



Field of Search: 



x . 



Search of GB, EP, WO & US patent documents classified in the following areas of the UKC : 



E1F 



Worldwide search of patent documents classified in the following areas of the IPC 



E21B 



The following online and other databases have been used in the preparation of this search report 

Online: WPI, EPODOC 



I dtl APT! SERVICE 



